In this study, we fabricated monocore tapes of Bi-2212 imbedded in a silver sheath. We then fabricated multi-filamentary conductors by laminating several monocore tapes using a turkshead roller and a heat treatment. The conductors exhibit satisfactory structural integrity, and for short lengths, the critical current density at 4.2 K was as high as 93,000 A/cm* for a 7-filament conductor in a 5 T field perpendicular to the conductor surface.
INTRODUCTION
Owing to their high critical currents densities (J,) at high magnetic fields , Bi-2212 superconducting wires and tapes are good candidates for high magnetic field applications [ 1, 2] . Conductors consisting of multiple filaments are considered to be essential because (1) they average the variations in properties over long lengths, and (2) they offer densification of the oxide core through higher reduction ratios and, therefore, enhance the grain alignment along the Agioxide interfaces [3, 4] . Accordingly, we have constructed and tested a number of multi-filamentary Bi-22 12 conductors and have presented a preliminary summary of the results [5] . A number of monocore tapes were separately prepared and then combined by thermally joining them together, followed by progressive reduction in thickness using a roller. The resulting superconducting conductors have exhibited relatively uniform filament thickness and good Agioxide interfaces and, thus, showed the potential for satisfactory current-caving performance at high magnetic fields. In this paper, the effects of several critical processing variables, including numbers of filaments and final tape thickness, will be reported. The objective is to better understand and optimize the manufacturing practice so that First the Bi-2212 powder was heated at 750°C for 8 h in a flowing oxygen atmosphere to reduce the residual carbon content to less than 250 ppm. After this treatment, the powder was loaded into a silver tube ( 0.8 m long; 10.2 mm ID and 12.7 mm OD) with the aid of a vibrator to maximize the powder density. The packed billet was sealed and subsequently drawn to the final diameter of 1.27 mm using a drawing bench. This tube was then flattened by a single-stand-reversing rolling mill with front and back tension. Several light reductions (<lo% per roll) were used until a final monocore tape approximately 100-150 m in thickness was produced.
A custom-made fixture was used to bond a number of monocore tapes together to produce the conductor. Composites conductors made from 4, 7 and 10 individual tapes, respectively, were fabricated. Experiments showed, however, that the J, values were consistently lowest for the 4-conductor conductors and thus they were dropped from this study [ 5 ] .
These resultant 7 or 10 tape conductors were progressively reduced to a final thickness ranging from 0.30 to 0.23 mm. Short tapes were melt-processed in a pure oxygen atmosphere using a 3-zone tube furnace.
The detailed thermal treatment schedule has been described elsewhere [6] .
Critical currents (I,) of the fully-processed conductors were measured while the sample was immersed in liquid helium at a temperature of 4.2 K. The current-voltage characteristic was measured using a 4-lead configuration and I, was defined by a 1 Vicm criterion. I, was determined while the magnetic field H was applied perpendicular to the tape surface. The measurements were generally carried out in 5, 4, 3, 2, 1, 0.5 and O.OIT, sequentially. Cross-sections of selected tapes were prepared to reveal the Bi-2212 grain structure in the tapes and to determine the cross section area of the Bi-22 12 needed for the J, calculation. A mixture of 1 part 60% perchloric acid and 99 parts of 2-butoxy-ethanol solution was used as the etchant [7] .
MICROSTRUCTIONAL STUDIES A 4-high rolling mill (stanat) was first used to roll the bonded 7-or IO-filament tapes. However, it was difficult to achieve the predetermined thickness without the development of edge cracking. Edge cracking is typically caused by excess lateral spread and inhomogeneous deformation in the thickness direction [8] . When tapes are reduced in thickness, the centers tend to expand laterally more than the surfaces to produce barreled edges. With this type of lateral deformation, greater spread occurs toward the center than the surfaces so that the surfaces are placed in tension and the center is in compression. These secondary tensile stresses created by the barreling could be a ready cause of edge cracking. This stress distribution also extends in the rolling direction, and fracture will occur if there is any metallurgical weakness along the centerline of the tape. Nevertheless, edge cracking can be minimized by employing vertical edge rolls, which keep the edges straight and thus prevent a cumulative buildup of secondary tensile stresses due to barreling of the edge. As a result, the use of a turkshead, which can effectively restrain the spread while retaining close control on the thickness of the tapes, was found to be helpful in maintaining the integrity of the thin tapes. As one can expect, tapes are also subjected to an increase of hydrostatic compression in the oxide core. Improvements in the physical structure in using the turkshead rather than the stanat rolling process were confirmed by extensive microstructure studies reported elsewhere [SI.
The dimensional characteristics of the samples reported in this study are shown in Table I . The tape dimensions were obtained by direct physical measurements of the conductor using a micrometer caliper. The cross-sectional areas of the Bi-2212 and of the silver were obtained from photomicrographs and computer programs used for image analysis. The discrepancy between the two methods was less than 5%. Among the features characterized, filament thickness measurements provide information on the variations of Bi-2212 dimensions along the rolling direction, and filament size measurements emphasize on the changes of individual Bi-22 12 cross-sectional areas. Both filament thickness and filament size decrease as the reduction in tape thickness increases.
However, the thickness variation is highest for the tape of 0.25 mm thickness, which is an indication of increased waviness along the Ag/oxide interfaces (sausaging). On the other hand, the silver-to-oxide ratios continue to increase, as the tapes become thinner. Since the silver is incompressible, the increases suggest a continuous, but sluggish, densification of the powders, which consequently reduces the relative size of the oxide cores. In this study, tapes consisting of 7 -and 10-filaments, respectively, with three different final thicknesses were studied. Figure 1 shows the critical current densities (i.e., J,=I,/A, where A, is the measured cross section of the Bi-2212) for ten samples as a function of magnetic field, H.
As is the common experience, J, was found to slowly decrease as the magnetic field was increased. The sample with the highest J,(H) was number 507, which was a 7-filament conductor with a thickness of 0.28 mm. The corresponding critical current density was 93,000 A/cm* at 5 T when the magnetic field was perpendicular to the tape surface. The results for J, at 2 and 5 T are displayed in Table 11 . CONCLUSION The information given in Table I1 is shown in Fig. 2 , where we plot J, at H= 2 T for all the samples as a function of thickness. There is a discemable dependence of J, on sample thickness. There was, however, no significant dependence on filament number (7 or 10). In the study of mono-filamentary tapes, it was observed that the Bi-2223 grains adjacent to the Ag sheath were the regions with high critical current density [8] . As a result, higher Agloxide interfacial areas are expected to be beneficial in enhancing the overall current-carrying capabilities of the conductor. On the other hand, smooth interfaces area are also found to be important to facilitate a homogeneous and highly aligned microstructure. The high Agloxide interfacial areas present in the 10-filament tapes are adversely counteracted by the non-uniform core dimensions, as indicated by the high variation in filament thickness. In our opinion, ten filaments are the maximum number for this process.
A 7-filament rolled with a turkshead to a final thickness of 0.28 mm displays the best properties, which is consistent with our previous findings given in Re, 5. 
